Abstract -We present the analysis of a nonlinear effect of parametric oscillatory instability in power recycled LIGO interferometer with Fabry-Perot cavities in the arms. The basis for this effect is the excitation of the additional Stokes optical mode and the mirror elastic mode when the optical energy stored in the main FabryPerot cavity mode exceeds the certain threshold. We demonstrate that in the resonance case the parametric oscillatory instability will take place at the energy stored in the cavity of about five orders smaller than one planned for LIGO-II interferometer. The presence of anti-Stokes modes can depress parametric oscillatory instability. However, it is very likely that the anti-Stokes modes will not compensate the parametric instability completely because of the existence of the mode combinations which interact with each other quite strongly.
INTRODUCTION
The full scale terrestrial gravitational wave antennae are in process of assembling and tuning at present. The antennae sensitivity expressed in terms of the metric perturbation amplitude is projected to archive soon the level of h I X 10-22. This value is scheduled to archive by substantial improvement of the test masses isolation from different sources of noises and by increasing the optical readout system sensitivity. This Recently D'Ambrosio and Kells [3] have reported that if in the one-dimensional model the anti-Stokes mode is taken into account then the effect of parametric instability will be substantially dumped or even excluded. We present the analysis of parametric instability in power recycled LIGO interferometer and point out that this effect may exist even in the presence of the anti-Stokes mode.
RESULTS
The design of laser interferometer gravitational wave antenna apart from the two main optical FP cavities also includes the so-called power recycling mirror (PRM) which allows to increase the value of Eo using the same laser input power. For analysis of parametric instability we have to use the equations for the Stokes, Anti-Stokes modes and mechanical oscillator, and find the conditions when this "feedback" prevails the damping which exists due to finite values of relaxation in mechanical resonator and in the FP cavity. It is worth noting that in resonance 0o) = () + wm the effect of parametric instability for power recycled LIGO interferometer must be larger than for the separate FP cavity because the Stokes wave emitted from the FP cavity throughout its input mirror is not lost irreversible but retums back due to power recycled mirror, therefore, its interaction is prolonged. Under the assumption 5m << «pr<< 8i (where the additional relaxation &pr describes the relaxation of oscillations in the FP cavity with power recycling mirror) the condition of parametric instability has the following form [2]: 2+AL±t::i Aw2>1
In ultimate resonance case when AO1 «< 8pr we obtain fom (2) the condition of resonance parametric instability:
It is important that factors Ro and 8i1/2Spr halve large numerical values, using the parameters for probe mass fabricated from high quality fused silica that are planned to use in LIGO ( hence Al = Aia) it means that the second term in the right part of (4) may be larger than first term, hence the parametric instability is impossible. However, it is worth noting that this situation is possible only for the small part of the total number of optical modes and resonance conditions 0)o = co, + ern can be fulfilled with a relatively high probability for many of the optical Stokes and mirror elastic modes combinations.
Using [4, 5] considering only the optical high order transverse modes up to the 7th order and the number of them is equal to 37 for fused silica masses of the Advanced LIGO. In [6] The most perspective method to avoid the danger caused by parametric oscillatory instability is to use thermal tuning of optical cavities. To archive this tuning the radius of curvature of one cavity mirror is changed by thermal actuation, thereby detuning the optical cavity Stokes mode relative to certain test mass acoustic modes [7] . We think that the parametric oscillatory instability effect can be overcome in the laser gravitational antennae after these detailed investigations.
